US enlisted Marines have experienced a substantial increase in suicide rates. We sought to identify risk factors for suicide completions among male Marines who entered basic training in San Diego, California, between June 2001 and October 2010. Suicides that occurred during active-duty military service were counted from June 1, 2001, through June 30, 2012. A total of 108,930 male Marines (66,286 deployers and 42,644 never deployed) were followed for 467,857 person-years of active-duty service time. Of the 790 deaths, 123 (15.6%) were suicides. In the final multivariate hazard model, preservice characteristics of not being a high-school graduate (hazard ratio (HR) = 2.17, 95% confidence interval (CI): 1.28, 3.68) and being a smoker at the time of enlistment (HR = 1.91, 95% CI: 1.32, 2.76) were significantly associated with a higher risk for suicide completion. Diagnosed with traumatic brain injury (HR = 4.09, 95% CI: 2.08, 8.05), diagnosed with depression (HR = 2.36, 95% CI: 1.22, 4.58), and received relationship counseling (HR = 3.71, 95% CI: 1.44, 9.54) during military service were significant risks for suicide death. Deployment alone was not significantly associated with a risk for suicide death (HR = 0.53, 95% CI: 0.26, 1.05).
Suicide has been the second leading cause of death among US military service members since 2010, despite the availability of comprehensive health care and mandatory suicide prevention training (1) . Suicide rates among service members notably increased from 2005 to 2009 (2), superseding historical rates and temporally mirroring the continued engagement in the longest sustained ground combat operations in US military history.
Among military services, Army and Marine Corps personnel have experienced the highest and most dramatic increases in suicide rates (2) . The suicide rate among young, enlisted US Marines was approximately 14 per 100,000 person-years during 1980-1992 (3) . However, by the close of 2009, the rate increased dramatically to 24 cases per 100,000 personyears (4) and remained elevated through 2012 (5) . Despite the increasing incidence rates, few data exist on the risk factors among these ground troops, especially Marines, who invariably bore the brunt of in-theater combat exposures and prolonged deployments during the Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF) missions. Data specifically focused on US Marines are needed because these understudied warfighters serve critical missions, notably as the first ground troops deployed during these recent Persian Gulf conflicts.
The trends reflecting the climax of the war and the concurrent rise in suicides have led to speculation that prolonged and repeated deployments to the recent conflicts may have played a significant role in subsequent suicide deaths (6, 7) . However, the exact factors contributing to the increased suicide rates and their interrelationships remain unclear. Service members returning from the recent operations in Iraq and Afghanistan may have mental health issues (8) (9) (10) (11) , alcoholrelated problems (11, 12) , and/or devastating physical injuries, including traumatic brain injury (TBI) (13, 14) , which can lead to cognitive, behavioral, and personality deficits that are more debilitating then the brain injury itself (15) . Prior studies on suicide completions in the US military have been crosssectional (16) ; were conducted prior to the surge in suicide rates (17) ; focused only on unadjusted, bivariate associations (18); or have not evaluated the impact of preservice factors predating military experiences-such as an elevated Adverse Childhood Experiences (ACE) score-which are known to increase the likelihood of suicide attempts (19) . Given these potential temporal associations, data are needed to identify and quantify the defined risk factors for suicide completions among Marines to inform ongoing preventive strategies.
METHODS

Study population
Of the male Marines who enlisted and entered active duty, 43% began and completed basic training at the Marine Corps Recruit Depot in San Diego, California, between June 2001 and October 2010. This study evaluated only those Marines who voluntarily completed a baseline health survey as part of the Recruit Assessment Program, which has collected health data from 170,000 Marine recruits at the Marine Corps Recruit Depot since June 2001 (participation rate: >90%). A detailed description of the Recruit Assessment Program has been published elsewhere (20, 21) . The study was approved by the institutional review board at the Naval Health Research Center, and the research was conducted in compliance with all applicable federal regulations governing the protection of human subjects in research (Protocol NHRC.2000.0003).
Outcome
Suicide deaths that occurred during active-duty military service were identified using mortality data from the Department of Defense Medical Mortality Registry, maintained by the Mortality Surveillance Division of the Armed Forces Medical Examiner System, from June 1, 2001, through June 30, 2012. The Registry contains detailed information, including manner of death, for all Marine active-duty deaths, regardless of geographic location (22) .
Preservice factors
Demographic and military-specific data for each recruit were obtained from electronic personnel files maintained by the Defense Manpower Data Center, including date of birth, race/ethnicity, education, and marital status.
All other preservice factors were assessed at time of enlistment using survey responses from the Recruit Assessment Program survey; missing responses were treated as their own category. Adverse childhood experiences, measured using a modified version of the ACE instrument (23) , assessed childhood sexual abuse, physical abuse, emotional neglect, physical neglect, and domestic violence and mental illness among parents/guardians. Anger management, attempts of self-harm, issues with authority, and social support were also assessed using individual survey questions. Smoking status (defined as >100 cigarettes in a lifetime and endorsement of smoking in the year before enlistment), potential alcohol dependence (based on endorsing >1 question in the CAGE ("cut back, annoyed, guilty, eye-opener") questionnaire) (24, 25) , functional health (using the 12-Item Short Form Health Survey (SF-12) for physical and mental health summary scores) were assessed using self-reported data. Because one standardized response option ("a good bit of time") was not included in the survey, an adapted SF-12 scoring method was used.
In-service factors
Changes in marital status and military rank, including demotions, were examined using monthly data from personnel files maintained by Defense Manpower Data Center. Last known military occupation was categorized as infantry, service/supply, nonqualified, undesignated/unknown, and all others. Nonqualified Marines completed basic ("boot camp") and infantry trainings but failed their subsequent primary occupational training.
Deployment was defined as deploying in support of the operations in Iraq and/or Afghanistan at some time between September 11, 2001 , and May 31, 2012. Deployment was used as a time-dependent variable. Marines were classified as nondeployed until the first date of deployment, at which time they were classified as deployed, and then returned to a nondeployed status upon completion of the deployment. Those who were never deployed during the study period were classified as such for the duration of study period. Additional deploymentrelated variables were evaluated, including number of deployments, cumulative days deployed, and percentage of active-duty service spent on deployment (cumulative days deployed divided by the days from the start of active-duty service until censoring event).
We identified TBI using the Military Health System Data Repository (MDR), which captures inpatient and outpatient medical services from Department of Defense treatment facilities and TRICARE civilian network care. A definition similar, but more specific, to the Armed Forces Health Surveillance Center criteria (26) A mental health disorder was defined by ICD-9-CM codes 290-319 (excluding ICD-9-CM 299.xx, 315.xx, and 317-319) (27) . In order to also assess psychosocial and behavioral problems related to difficult life circumstances that may not result in a specific mental health disorder code, data were also collected on mental health problems using ICD-9-CM V-coded outpatient health-care encounter records indicative of psychosocial or behavioral health issues (28) . The inclusion criteria for a mental health disorder or mental health problem required either a hospitalization or 2 outpatient visits within 180 days (with the indicator ICD-9-CM codes from the same mental disorder or mental health problem-specific category) in the first or second diagnostic entries. Individual mental disorders were also evaluated, including alcohol abuse/dependence (ICD-9-CM 303.xx and 305.0x), adjustment disorder (ICD-9-CM 309.xx, excluding 309.81), posttraumatic stress disorder (PTSD) (ICD-9-CM 309.81), depression (ICD-9-CM 296.20-296.35, 296.50-296.55, 296.9x, 300.4, and 311), bipolar disorder (ICD-9-CM 296.40-296.45, 296.60-296.65, and 296.7), and schizophrenia (ICD-9-CM 295.xx). Diagnoses indicative of personality disorder or other psychotic disorders were grouped using the categories developed by the Agency for Healthcare Research and Quality (29) . Relationship counseling was assessed using V codes (V61.0x, V61.1, and V61.10).
Pharmaceutical history was ascertained using the Military Health System Data Repository's Pharmacy Data Transaction Service. Medications by therapeutic class-including opiate agonists, antidepressants, antipsychotics, anxiolytics, antimanics, and sedative/hypnotics-were tabulated separately, based on receiving more than a 90-day total supply during the study period.
Statistical analysis
Descriptive analyses were performed to compare demographic, military, behavioral, and health characteristics according to completed suicides among male, active-duty, enlisted Marines. The person-days for each participant were calculated from the start of active-duty service until 1) date of death (suicide or nonsuicide death), 2) separation or discharge from the Marine Corps, 3) transfer to the Marine reserve component, or 4) the date of study completion (June 30, 2012), whichever occurred first. The overall crude suicide rate per 100,000 person-years was calculated. Cox proportional hazards models were used to estimate the unadjusted association of preservice (baseline) and in-service characteristics, including deployment experiences, with time to suicide. All bivariate Cox proportional hazards models were fitted after checking the proportional hazards assumption with graphs of the cumulative Martingale residuals using 50,000 simulations. Factors that failed the proportionality assumption after inspection of the residuals were transformed into time-dependent factors; they included time to TBI diagnosis, adjustment disorder diagnosis (excluding PTSD), PTSD, depression, first marriage, last attained pay grade E-4, partner/relationship counseling, and alcohol abuse/dependence.
The multivariable hazard models were derived using a backwards elimination algorithm that initially included all variables significantly associated with suicide in the unadjusted models (P < 0.10). Given the interest in mental health conditions (depression, PTSD, and adjustment disorder) and deployment, these were maintained a priori in the final main model. All other factors were manually removed sequentially until the final model included only those that were significant (P < 0.05) or that caused a change in the hazard ratio (10% or greater) for the main exposure, TBI.
In a subanalysis, using the same method described for the main model, the study population was stratified into 2 cohorts-deployers and those never deployed-and analyzed separately. For the deployers cohort, we used an ordinal variable for the percentage of active-duty time spent on deployment (<15%, 15%-30%, and >30%). Data management and statistical analyses were performed using SAS statistical software, version 9.3 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
The study population consisted of 108,930 male, enlisted Marines (66,286 deployers and 42,644 never deployed) followed for 467,857 person-years of active-duty service time. Overall, 123 Marines (0.1%) died by suicide, with a crude suicide death rate of 26.29 per 100,000 person-years of follow-up. Firearms were the most frequent method for suicide completion (n = 80; 65%), followed by asphyxiation (n = 32; 26%).
Preservice and in-service characteristics associated with the highest crude suicide rates are shown in Table 1 . Preservice (baseline) risk factors that predicted suicide completion in the unadjusted models included white race/ethnicity (compared with Hispanic or other), not having graduated high school or its equivalent, history of smoking, lack of social support, ACE score of ≥4, and a history of self-harm behaviors (Table 1) . In-service risk factors significantly associated with suicide included being married, lower rank, nonqualified or undesignated occupational categories, TBI diagnosis, alcohol abuse/ dependence, adjustment disorder, depression, partner/relationship counseling, and receipt of a prescription for an opiate or antidepressant medication.
Deployment to OEF/OIF was associated with a reduced risk of suicide death in the unadjusted models (hazard ratio (HR) = 0.30, 95% confidence interval (CI): 0.21, 0.43). The percentage of military service time that the service member was deployed to OEF/OIF (none vs. 3 other categories) as well as a time-varying deployment variable also showed that deployment to OEF/OIF was associated with a reduced risk of suicide death (Table 1) .
In the final multivariable hazard model, preservice characteristics of not having graduated high school (HR = 2.17, 95% CI: 1.28, 3.68) and being a smoker at the time of enlistment (HR = 1.91, 95% CI: 1.32, 2.76) were significantly associated with a higher risk for suicide (Table 2) . A TBI diagnosis (HR = 4.09, 95% CI: 2.08, 8.05), depression diagnosis (HR = 2.36, 95% CI: 1.22, 4.58), and relationship counseling (HR = 3.71, 95% CI: 1.44, 9.54) were significantly associated with suicide death. Occupational categories of undesignated/unknown, nonqualified, service/supply, and infantry were also associated with a higher risk of suicide death compared with other occupations. Deployment was not significantly associated with suicide death (HR = 0.53, 95% CI: 0.26, 1.05). Retention of PTSD, adjustment disorder, and deployment in the final main model did not change the magnitude of associations by more than 10%.
Suicide deaths occurred among 54 deployers (0.08%) and 69 who never deployed (0.16%). The suicide rate for those who never deployed was more than 3 times higher than for deployers (51.38 vs. 16.19 per 100,000 person-years, respectively). Crude suicide death rates by preservice and in-service characteristics, as well as the unadjusted hazard ratios according to deployment status, are shown in Web Tables 1 and 2 (available at https://academic.oup.com/aje), respectively.
Risk factors significantly associated with suicide in the final multivariable model for deployers to OEF/OIF included a Percentages are based on the population size for each group but exclude individuals with missing data; therefore, percentages may not sum to 100.
b Preservice characteristics were collected at recruit entry. Characteristics with missing data or that were not asked of some respondents were smoking status (n = 5,143), alcohol-related problems (n = 4,029), heavy or binge drinking (n = 18,629), social support (n = 4,302), functional health (n = 16,839), ACE score (n = 15,493), and self-harm (n = 27,826).
c Expressed as mean values (standard deviation). d Affirmed at least 1 of the 4 items from the CAGE ("cut back, annoyed, guilty, eye-opener") questions. e Self-reported consumption per day or per occasion (≥6 drinks). f Self-reported for having at least 1 close friend or relative to talk to about personal problems. g Computed using the 12-Item Short Form Health Survey at baseline. h Self-reported experiences having occurred before the age of 17 years were assessed using a modified ACE instrument. i Self-reported ever deliberately cutting, burning, or harming oneself. (Table 3 ). In addition, among deployed Marines, those who spent >15% of their service time deployed to OEF/ OIF had a 2-to 3-fold increased risk for suicide (Table 3 ).
In the final multivariable model, risk factors for suicide among those who never deployed included higher ACE scores (≥4) (HR = 2.33, 95% CI: 1.25, 4.34), not having graduated from high school (HR = 2.48, 95% CI: 1.29, 4.74), TBI diagnosis during active service (HR = 3.80, 95% CI: 1.36, 10.6), and adjustment disorder diagnosis during active service (HR = 2.76, 95% CI: 1.42, 5.37) ( Table 4 ). In addition, specific occupational categories were associated with a higher risk of suicide, particularly the nonqualified (HR = 3.52, 95% CI: 1.59, 7.77) or undesignated/unknown codes (HR = 9.85, 95% CI: 3.17, 30.6).
DISCUSSION
To our knowledge, this is among the most comprehensive studies using multivariable analysis to analyze suicides by Marines. We found that deployment, by itself, was not a risk factor for suicide, a finding that is consistent with other large military cohort studies (17, 30, 31) . A diagnosis of TBI or depression, as well as relationship counseling, was significantly associated with suicide completion.
The temporal trends of the climax of the war and the rise in suicides led to the assumption that deployments might directly affect subsequent suicide deaths (6, 7) . Given the high level of interest in deployment as a potential risk factor, we explored several different measures of deployment, including a timedependent variable to track a service member's time in and out of theater, the number of deployments, cumulative days deployed, and percentage of active-duty service spent on deployment. One important finding of this study is that, with the exception of one factor, we found no positive association between deployment and suicide death. Only the percentage of service time spent on deployment revealed a relationship for suicide completion within the deployer model (Table 3) . These data suggest that the stress of long and/or repeated deployments may accumulate and contribute to suicide risk over time among male, enlisted Marines. Previous studies found that shorter amounts of time that service members spent at their home station between deployments, also known as "dwell times," were associated with higher rates of mental health diagnoses (32, 33) , providing a potential explanation for our study findings. Overall, an increasing percentage of active-duty service time spent deployed may serve as an important risk factor for suicide, and should be deliberated when developing military deployment orders and policies.
The reduced risk of suicide for many of the deploymentrelated variables may be due in part to the healthy-warrior effect (34) , that is, Marines who deploy may be more resilient against adverse life events and less likely to consider suicide. In our study, those who never deployed had a substantially higher rate of suicides than deployers. Of note, among those who never deployed, there was a larger proportion of adjustment disorder compared with deployers, providing a potential explanation for the higher suicide rate among the neverdeployed cohort. In a military setting, adjustment disorder has been used as a diagnosis of exclusion and may represent inadequate performance in training or a failure to adjust to military environments. These data highlight that suicide prevention efforts within the military should not preferentially focus only on deployed personnel.
TBI was one of the strongest predictors for suicide in our study, and it was significantly associated with subsequent suicide among both deployers and those who never deployed. Other cohort studies (35) (36) (37) have also found an association with TBI but not as large an effect size and with markedly different study characteristics. Although we did not have a measure of TBI severity, the increased risk of suicide found here is consistent with prior work (38) that found a higher suicide risk among military personnel with more lifetime TBIs, even after controlling for clinical symptom severity. TBI may enable a predispositional vulnerability through impulsivity and disinhibition resulting from frontal lobe injury (39) . Recent neuroimaging work (40) corroborates the links between brain damage to the frontal white matter systems and increased impulsivity and suicidal ideation. Over 90% (112 of 123) of these suicides had no prior medical records coded for TBI. However, for Marines with an instilled sense of invincibility and propensity for high risk-taking behaviors (41, 42) , the combination of familiarity and training with firearms (both personally and occupationally) (43, 44) and having sustained a TBI may lead to a higher likelihood of suicide completion.
Marines with military occupational codes in nonqualified or undesignated/unknown categories were also at markedly higher risk for suicide. The nonqualified codes represent young Marines who had failed to complete occupational training. Not unexpectedly, 20% of the nonqualified or undesignated groups received an adjustment disorder diagnosis. For some of these young men, this relegation as "nonqualified" may negatively influence their potential military career and limit their advancement through the ranks and ability to deploy. Such failure may manifest as hopelessness, which has been accepted as one of the most important risk factors for suicide (45) . Those Marines who fail qualification should be considered at higher risk for suicide, and leaders in the immediate chain of command should be mindful of this potential increased risk and consider reasonable interventions.
Relationship counseling was a significant predictor for suicide in our study cohort. Rejections and separations from partners are known antecedents of completed suicide among young adults (46) . For example, after examining Navy and Marine Corps suicides during 1999-2007, romantic relationship trouble was indicated as the primary stressor, evident in up to 52% of all cases (47) . In addition to relationship issues, lack of social support was a predictor of suicide among deployers in our study, concordant with prior data (48) .
A history of mental health disorders has been found to be one of the strongest risk factors for suicide (7) . In our study, a depression diagnosis was reaffirmed as a risk for suicide in the final multivariable model. Prior studies have shown that depression is a significant risk factor in more than half of all suicides (49, 50) , and in a recent longitudinal study among current and former US military service members, depression was significantly associated with suicide (17) . Adjustment disorder (no PTSD) was a predictor among those never deployed in our study, similar to 2 recent studies among Army soldiers (6, 7) . While PTSD is often hypothesized as a risk for suicide, this was not found in any of our models and is consistent with the findings of a prospective longitudinal study, the Millennium Cohort (17) .
Among Marines who never deployed, those with an ACE score ≥4 had an increased suicide risk. Holmes et al. (51) reported that one of the strongest predictors of attempted or completed suicide among Marines was a self-reported history of being abused, rejected, or neglected, and that childhood sexual abuse alone increases suicide risk (52) . Graduates from traditional 4-year high-school programs had reduced suicide risk. Increasing selection standards and, when recruiting, reducing the use of waivers for enlistees who are not high-school graduates may help to prevent suicides by constraining those more susceptible to suicide from enlisting in the Marine Corps. The present study has limitations. This study focused on suicide completions that occurred during service time and did not assess suicides that occurred after military separation, during which time other mental illnesses (e.g., depression, adjustment disorder) may present and affect risk factors for suicide. Further, this study examined only active-duty Marines and not reservists or veterans; however, most Marines only enlist for and complete 4 years of service. No female Marines were included, but the enlisted Marine Corps from 2002 through 2010 was 93% male (Defense Manpower Data Center). For this study, we did not have measures of the combat exposure or severity of combat, although we examined obtaining a combat ribbon on deployment and found no association with suicide risk. Not all relationship counseling would have been recorded in medical records; other private counseling could have been delivered by clergy, leading to a likely ascertainment bias. Finally, some factors were selfreported and hence subject to recall bias.
We know of no other longitudinal data set including both preservice and in-service factors from a large cohort of Marines with known deployment status for OEF/OIF, which spanned over a decade, including the period of increased suicide rates. We used self-reported data and multiple Department of Defense databases that contained data on medical visits, medications, occupations, promotions, and complete deployment history.
In summary, we identified several risk factors associated with suicide completions in a large cohort of US enlisted Marines spanning over a decade. Deployment by itself in support of the wars in Iraq and Afghanistan was not associated with an elevated risk for suicide, and most suicides occurred among personnel who never deployed. Marines who have sustained a TBI (both deployers and those who never deployed), have received relationship counseling, and who experience depression, should be receiving multifaceted rehabilitation targeted for maximum functional recovery from all injuries, with physical, emotional, and cognitive treatment modalities. In addition, suicide-prevention efforts should include those with a history of adverse childhood events or lack of social support and those who fail to pass military occupational training. Educating and encouraging force commanders, clinicians, fellow service members, and families to be vigilant, looking for the factors associated with suicidal behaviors, is essential in reducing the rates of suicide among service members.
